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ABSTRACT
Recent advances in computer technology have brought a revolution in ecological modelling. Ecoinformatics and 
computational ecology make use of various programs, including agent-based modeling algorithms, to study ecological 
systems.  In this study, an in-silico analysis was performed using an agent based modelling software, to analyze 
the impacts of a potential toxin on Lake Ontario ecosystem. For easier duplication of the real world into the virtual 
system, the ecosystem was divided into 6 compartments. These compartments include phytoplankton, zooplankton, 
macroinvertebrates, forage fish, piscivores, and sea lamprey. The test model was performed under five different 
concentrations of toxin. Each test was repeated 15 times to reduce demographic stochasticity. The results suggest 
that toxic contaminations, such as mercury, could potentially lead to population reduction in forage fish, piscivores and 
sea lamprey compartments.
Les progrès récents reliés à la technologie informatique ont amené une révolution dans la modélisation écologique. 
L’éco-informatique et l’écologie computationnelle utilisent plusieurs programmes, y compris des algorithmes 
basés sur les systèmes multiagents pour étudier les systèmes écologiques. Dans cette étude, une analyse in 
silico a été accomplie en utilisant les systèmes multiagents pour analyser les impacts d’une toxine potentielle 
dans l’écosystème du Lac Ontario. Afin de mieux améliorer la représentation du monde réel dans le système 
virtuel, l’écosystème du Lac d’Ontario a été divisé en six compartiments. Ces compartiments comprennent 
le phytoplancton, le zooplancton, les macroinvertébrés, les poissons fourragers, les piscivores et la lamproie 
marine. Ce modèle a été examiné sous cinq concentrations des toxines différentes. Chaque examen a été répété 
15 fois pour réduire la stochasticité démographique. Les résultats suggèrent que des contaminations toxiques, 
comme la contamination par le mercure, pourraient potentiellement arriver à une réduction de la population des 
poissons fourragers, des piscivores et des compartiments de la lamproie marine.
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INTRODUCTION 
Lake Ontario’s ecosystem faces many contaminants 
such as metal toxins and industrial waste1. Metal toxins, 
such as mercury, are well known toxins for aquatic 
ecosystems2. In this study, computer simulations are 
used to simulate the impacts of an arbitrary toxin, 
similar to mercury, on Lake Ontario ecosystem. Use 
of computer simulations offers several advantages 
compared to performing field-based ecology. First, 
running computer simulations are mostly inexpensive. 
There is less need for extensive field work, which 
lowers the budget necessary to perform research3. 
Second, it allows replicability of the tests performed in 
the study. In field studies, it is difficult and sometimes 
impossible to keep certain factors, including weather, 
moisture, and wind, constant over time3. Third, Lake 
Ontario is often influenced by numerous factors 
from different sources (i.e. sunlight, atmospheric 
depositions4, and precipitation). Computer models 
allow complex combination and interactions of 
numerous factors to be easier understood and 
managed, thus enabling the researcher to analyze 
the bigger picture. 5 Finally, cohort, experimental, and 
even observational studies can sometimes be harmful 
to the environment. Presence of researchers in the 
ecological niche of some species can be deleterious 
for the survival and fitness of those species, which 
can also lead to imprecise data collection. Because 
of the aforementioned reasons, computer modelling 
can be considered as an efficient and useful tool for 
analyzing the impacts of toxic contaminations of Lake 
DOI: 10.13034/jsst.v10i2.133 
52              2017   VOL  10   ISSUE 2            LA  REVUE POUR LES ÉTUDIANTS EN TECHNOLOGIE ET SCIENCES                                                                                    
Ontario’s aquatic life. 
Lake Ontario’s aquatic ecosystem consists of 122 
species6, which are often classified into compartments 
for research purposes. Different sources have 
compartmentalized Lake Ontario’s ecosystem 
differently. This study uses the data from NOAA 
(National Oceanic and Atmospheric Administration)6 
because of its broad and simplified categorization. 
NOAA divides the Lake Ontario species into 
6 main compartments, consisting of phytoplankton, 
zooplantokton, macroinvertebrates, forage fish, 
piscivores, and sea lamprey6. 
Dominant species in phytoplankton compartment 
include blue-green algae, green algae, diatoms, and 
flagellates. The zooplankton compartment includes 
invasive spiny waterfleas (Bythotrephes longimanus), 
native ratorial waterfleas (Leptodora Kindtii), 
cyclopoid copepods, native waterfleas, calanoid 
copepods, and rotifers. Macroinvertebrates species 
in Lake Ontario include zebra and quagga mussels, 
mollusks, opossum shrimp, amphipods, chironomids, 
and oligochaetes. The dominant species in the forage 
fish compartment include Lake whitefish (Coregonus 
clupeaformis), yellow perch (Perca flavescens), slimy 
sculpin (Cottus cognatus), rainbow Smelt (Osmerus 
mordax), alewife (Alosa pseudoharengus), and round 
goby (Neogobius melanostomus). The main species 
of piscivores are Chinook salmon (Oncorhynchus 
tshawytscha), coho salmon (Oncorhynchus kisutch), 
Atlantic salmon (Salmo salar), American eel (Anguilla 
rostrata), rainbow trout (Oncorhynchus mykiss), 
smallmouth bass (Micropterus dolornieu), brown trout 
(Salmo trutta), lake trout (Salvelinus namaycush), 
Walleye (Stizostedion vitreum), and burbot (Lota 
lota). Finally, the last compartment only contains sea 
lamprey.6  
In this study, the use and application of agent-based 
modelling programs7 for Lake Ontario ecosystem is 
analyzed. The software used in this study is called 
COBWEB (Complexity & Organized Behaviour Within 
Environmental Bounds). It is a 2-dimensional agent-
based simulation model developed in University 
of Toronto and is written in the Java programming 
language.
MATERIALS AND METHODS
COBWEB was used to simulate the interactions 
between the six compartments of Lake Ontario 
ecosystem. COBWEB assigns artificial intelligence to 
all agents on the grid. There were 6 types of agents 
representing the 6 compartments. Every agent has a 
variable associated to it that represents the energy of 
that agent. If the energy goes to zero, the agent will 
die. Any act done by an agent, including mobility and 
reproduction, costs energy reduction. A sustainable 
population in COBWEB requires enough energy for 
all of its agents to reproduce before they pass away. 
The unit of time in COBWEB advances in an arbitrary 
unit called “tick”. 
To make the simulation more realistic, the setting 
included slight variation in the amount of sunlight 
available for phytoplankton to represent seasonality. 
The seasonality causes periodic fluctuations mainly 
in the population of phytoplankton and lower trophic 
levels. 
Five different systems were tested in this experiment, 
including one control and four systems with different 
toxin concentrations. The four treatments contain 1, 
2, 3, and 4 units of toxins respectively. Toxin particles 
are represented by static obstacles for the agents. If 
the agents come into contact with the obstacles, they 
will lose energy. If the total energy of an agent goes to 
zero, the agent will die. The number of toxin particles 
in each unit is 40, therefore Treatment1 contains 40, 
Treatment2 contains 80, Treatment3 contains 120, 
and Treatment4 contains 160 toxin particles. Species 
in higher trophic level move more rapidly in these 
simulations and come in to contact with more toxins.
In this experiment, comparison was made between 
the populations of each compartment in different 
concentrations of toxin. The average population 
between 1000 to 10001 ticks was measured for each 
simulation. Each simulation was repeated 15 times, 
and the average population of each compartment 
in each trial was recorded. Statistical analysis was 
conducted to determine the significance of the results 
(p<0.5 was considered significant). Six analysis of 
variance (ANOVA) tests were used to determine 
whether mercury has any effects on population of 
each compartment (one for each compartment). 
RESULTS
Calibrating the Virtual system
The virtual system was able to behave similarly to the 
real world system in the control condition (Figure1). 
The results from the control experiments indicate that 
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the population of each compartment is not the same 
as real world, however the relative ratios between their 
populations was kept (i.e. the species in lower trophic 
levels have larger populations than the species in 
higher tropic levels). This research examines only the 
change in population. In these simulations, the food 
web constructed was set according to the real world 
system.  The main energy source for the ecosystem 
is sunlight, which are represented by yellow regions 
in COBWEB. Phytoplankton are the primary 
producers in Lake Ontario food web. Phytoplankton 
get their energy from sunlight. Zooplankton feed 
on phytoplankton and other zooplankton species. 
Macroinvertebrates consume phytoplankton and 
zooplanktons and macroinvertebrates. Piscivores 
consume zooplankton, macroinverbetrates and 
achieved by slight variation in the amount of sunlight 
available for phytoplankton. The approximate 
duration of a year is about 700 ticks in this simulation. 
In addition, in order for all compartments to survive 
in the virtual system, the agents had to be localized 
to certain regions on the grid (i.e. the photoplankton 
were localized closer to the surface where more 
sunlight is present). Species in higher trophic level, 
due to their localization, come in to contact with more 
toxin particles. This increased consumption of toxins 
by the higher trophic level species simulates the 
Effects of toxin
Table 1 shows the average population of each 
compartment between tick 1000 to tick 10001 under 
15 simulations with each corresponding amounts of 
toxin. Since the population of each compartment is 
different, population deviation in terms of percentage 
is required in order to comparatively analyze the 
impacts of toxin on each compartment. Accordingly, 
Figure 2 analyzes the percentage difference in the 
population of each compartment compared to the 
control. The graph shows that as we move to the 
next trophic level the reduction in population of 
compartment becomes more noticeable. 
Statistical Analysis
To indicate whether the change in population is due 
to the increased toxin concentration or just chance, 
statistical analysis is required. In this study, the R 
language was used to perform Shapiro-Wilk test and 
Bartlett test. The results of these tests suggest that 
our data is normally distributed with equal variance. 
Therefore, analysis of variance (ANOVA) seems to be 
the best suitable analysis available. In total 6 ANOVA 
tests were performed, contrasting the population 
of each compartment in different concentrations 
of mercury. The null hypothesis is that there is no 
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Figure 1: COBWEB 70x70 grid. Each triangle represents a 
single agent. There are 6 types of agents corresponding to 
the 6 compartments. Each type of agent has a unique colour 
associated to it. Yellow triangles represent phytoplankton, 
light blue triangles represent zooplankton, green triangles 
represent macroinvertebrates, red triangles represent 
dark blue triangles represent sea lamprey.
Table 1: Average population of each compartment under 
different amounts of toxins 
Phytoplankton Zooplankton Macroinvertebrates Forage Fish Piscivores
Sea 
Lamprey
Control 672 ± 63 732 ± 163 329 ± 271 74 ± 34 56 ± 22 8 ± 5
1 units of toxin 686 ± 78 715 ± 169 328 ± 77 82 ± 40 37 ± 20 4 ± 4
2 units of toxin 639 ± 99 690 ± 175 284 ± 91 46 ± 18 38 ± 17 6 ± 4
3 units of toxin 643 ± 65 693 ± 137 274 ± 58 49 ± 24 35 ± 19 5 ± 4
4 units of toxin 661 ± 79 674 ± 95 278 ± 77 38 ± 21 22 ± 13 2 ± 2
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significant difference in population among different 
concentrations of mercury. The alternate hypothesis 
is that there is at least one group that is significantly 
different among the rest.
The results of ANOVA tests for phytoplankton, 
zooplankton, macroinvertebrates, forage fish, 
piscivores, and sea lamprey compartments are shown 
in Table 2 to Table 7 respectively. The p-values for 
phytoplankton, zooplankton and macroinvertebrates 
are greater than 0.05, which indicates that null 
hypothesis cannot be rejected. Therefore, increased 
mercury concentration does not seem to affect the 
population of these compartments significantly. The 
p-values for forage fish, piscivores, and sea lamprey 
are smaller than 0.05, so null hypothesis should be 
rejected. Hence increase in mercury concentration 
causes significant change in the population of forage 
fish, piscivores, and sea lamprey.
DISCUSSION  
The ANOVA tests indicates whether or not mercury 
will significantly affect the population of a certain 
compartment. Since the alternate hypothesis is two-
tailed, the impact could be either negative or positive. 
Furthering the analysis, Figure 2 compares the agent 
population at the control situation versus agent 
population with different mercury concentrations. The 
comparison suggests that for most cases the impact 
is negative. Therefore, the results infer that mercury 
has negative impact on the population of forage 
fish, piscivores and sea lamprey compartments. The 
effected species include lake whitefish, yellow perch, 
slimy sculpin, rainbow Smelt, alewife, and round 
Table 2: ANOVA table for comparison between 
phytoplankton populations 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 23367.46 4 5841.864 0.965114 0.4322
Error 423712.2 70 6053.031
Total 447079.7 74
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Figure 2: % deviation in population of each compartment 
from its control with 95% confidence interval
Table 3: ANOVA table for comparison between 
zooplanktons populations 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 30802.05 4 7700.512 0.340031 0.8501
Error 1585257 70 22646.53
Total 1616059 74
Table 4: ANOVA table for comparison between 
macroinvertebrates populations 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 30802.05 4 7700.512 0.340031 0.8501
Error 1585257 70 22646.53
Total 1616059 74
Table 5: ANOVA table for comparison between Forage fish 
populationss 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 39332.4 4 9833.099 13.5233 <0.0001
Error 50898.61 70 727.123
Total 90231.01 74
Table 6: ANOVA table for comparison between piscivores 
populations 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 8982.54 4 2245.63 6.501832 0.0002
Error 24176.9 70 345.385
Total 33159.5 74
Table 7: AANOVA table for comparison between 
macroinvertebrates populations 
Source of Variation Sum of Squares Degree of Freedom Mean square F-ratio P
Groups 278.5253 4 69.63133 4.765402 0.0019
Error 1022.829 70 14.61185
Total 1301.355 74
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goby, chinook salmon, coho salmon, Atlantic salmon, 
American eel, rainbow trout, smallmouth bass, brown 
trout, lake trout, Walleye, Burbot, and sea lamprey.  
In the experiment, even though the toxin has negative 
physiological effects on macroinvertebrates, their 
reason could be that the predators that consume 
macroinvertebrates were negatively affected. If there 
is a negative impact on the predator’s population, 
there should be a positive impact on prey population. 
It seems that these two forces counteract one another.
Through out the experiments, the virtual toxin was 
biologically toxic form, methylmercury. Therefore, the 
test models were set in a fashion that mercury had no 
negative impact of phytoplankton and zooplankton. 
This is because microorganisms have mechanisms 
that increase their resistance to mercury, such as 
pumps that remove mercury ions from the cell, 
enzymes that reduce mercury to the less toxic 
elemental form, or processes that move mercury 
to their cell surfaces. Unlike microorganisms, most 
species in higher trophic levels are defenceless 
to methylmercury. When microorganisms are 
consumed, they can pass on the methylmercury to 
their predators, and cause multiple disorders.  The 
effective barrier to divalent mercury (Hg2+), however 
it is permeable to methylmercury. Methylmercury 
thiol groups.10, 11 In invertebrates, mercury can be 
harmful to organism’s development. In vertebrates, 
methylmercury can diffuse through the brain-blood 
barrier and it can cause severe damage to the brain. 
In addition, methylmercury and ionic mercury can 
both cause kidney and liver damage.11
median mercury concentration increases from one 
0.40,12 and increased mercury concentration beyond 
effects for the organisms.13 
This article shows the importance and application of 
computer modelling in the study of ecology. This new 
is utilized to analyze and manage ecological data, 
is known as ecoinformatics.5 Correspondingly, 
ecoinformatics can be used as an alternative or a 
supplement to conventional ecology.3 Furthermore, 
ecoinformatics methods can be implemented for a 
agriculture, climate change, and evolutionary 
ecology.3 
FUTURE DIRECTIONS
understanding of intricate and complex ecosystems 
can be eased by use of computer modelling programs, 
especially agent-based modelling algorithms. It is 
axiomatic that advances in computer technology will 
bring even more sophisticated modelling programs 
that can duplicate the real world system with more 
domain and paradigm, in which computer modeling 
can provide crucial development. 
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COBWEB Complexity & Organized  
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NOAA National Oceanic and Atmospheric 
 Administration
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